Self-selected exercise intensity can be a useful exercise prescription tool for older adults; however, it is not known if it can elicit improvements in walking and aerobic capacity. In older adults, effects of concentric or eccentric endurance exercise at self-selected walking speed were examined on 1-mile indoor walk performance, predicted maximum oxygen uptake and physiological parameters. Twenty-four older adults (67 ± 4 years) completed 3 × 30 min treadmill walks per week for 12-weeks on level (LTW, n = 11, 0%) or downhill (DTW, n = 13, −10%) treadmill gradient at a selfselected speed, which progressed every 4 weeks. Maximal oxygen uptake was predicted using a 1-mile walk at 4-week intervals with physiological responses recorded using a portable metabolic system. One-mile walking speed increased from baseline following 8-and 12-weeks (12 weeks: LTW: 13% ± 6%, DTW: 14% ± 9%, P < 0.01). Both groups increased predicted maximal oxygen uptake following 8-weeks of walking (LTW: 15% ± 15%; DTW: 23% ± 30%, P < 0.01). At 12-weeks, the 1-mile walk was performed with higher heart rates and minute ventilation (P < 0.01). It is concluded that an exercise programme of concentric or eccentric endurance exercise, at self-selected exercise intensity, is sufficient to elicit similar improvements in maximum oxygen uptake.
Introduction
Maximal aerobic capacity ( ) 2 O max V  , a measure of cardiovascular fitness, is suggested to decline at a rate of up to 20% per decade in older sedentary adults [1] . A decline in aerobic capacity has important implications on the functional mobility and lifetime independence of older adults [1] [2] . Generally, a decline in 2 O max V  has the consequence that older adults work closer to maximum effort when performing a given sub-maximal task, for example, crossing the road [3] . Therefore, prevention and attenuation of the age-related reduction in maximal aerobic capacity, through maintaining or increasing physical activity levels, are imperative to enhance functional mobility. There is evidence to suggest that endurance trained older adults, who continue to exercise, can have a 40% -50% lower reduction in ̇O 2 max per decade in comparison to their sedentary counterparts [4] [5] .
It was recently reported that 12-weeks of level treadmill walking (LTW) and downhill treadmill walking (DTW), at a self-selected walking speed (SSWS) improved functional mobility [6] and maximal voluntary isometric force of older adults [7] . To elicit aerobic changes, conventional aerobic exercise interventions have their intensity set at a percentage of maximum heart rate (HR max ), heart rate reserve (HR reserve ) or 2 O max V 
[8] [9] . However, there is an increased interest in the ability of individuals to exercise with a self-selected intensity to enhance exercise adherence [10] [11] . Furthermore, LTW is an activity biased towards muscle-shortening contractions (concentric) , whereas DTW, an activity that is biased towards voluntary muscle-lengthening contractions (eccentric), has been shown to place a lower cardiac load on the individual compared to LTW at a similar speed, reducing intensity with a 25% lower oxygen consumption [12] . Although such an activity is at a lower oxygen demand, it is not known if the load, during DTW at SSWS, or LTW at SSWS is sufficient to improve walking and aerobic capacity of older adults, when used as part of an exercise intervention. Previously, 12-weeks of eccentric exercise with an eccentric stepper improved aerobic capacity by 12% in older (74 ± 6 years) cancer care patients [13] . In comparison to a seated eccentric stepper, DTW has the potential to utilize a larger muscle mass. It has also been demonstrated that DTW at SSWS can elicit a mean heart rate of 90 ± 9 b·min −1 in older adults [6] . This equated to 56% of age-predicted maximum heart rate, an intensity, according to the ACSM guidelines [14] , that is sufficient to expect physiological adaptations from an exercise intervention [6] .
Therefore, the aim of the current study was to investigate, in older adults, the effects of 12-weeks of LTW (concentric endurance exercise) and DTW (eccentric endurance exercise), at a self-selected walking speed (SSWS) on 1-mile walk performance, aerobic capacity and physiological parameters. It was hypothesized that LTW but not DTW would elicit an improvement in 1-mile walk performance and aerobic capacity due to the lower intensity of DTW at SSWS.
Methods

Participants
Twenty-four community dwelling older adults volunteered to take part in the study. Before participating, each individual completed a health history questionnaire and provided written informed consent, with ethical approval for all procedures and protocols approved by the University of Chichester Ethics Committee. Following risk stratification [14] , it was noted that all participants were in good health with four on medication to lower cholesterol. Participants had not been involved in structured exercise programme for at least 12-months and lived an independent lifestyle.
Experimental Design
Participants were randomly assigned to a downhill (DTW) (n = 13; men, n = 6; women, n = 7) or level treadmill walking (LTW) group (control group, n = 11; men, n = 6; women, n = 5). They attended the laboratories 1-week before the beginning of the intervention for familiarisation and preliminary measurements. Participants agreed to refrain from consuming alcohol or take part in any vigorous physical activity in the 24-hours prior to all assessments. During the first preliminary session, resting heart rate and blood pressure (BP) (Omron 705 IT, Medisave, UK) were measured after subjects were seated for 20-minutes. This was followed by measurement of height (Holtain Ltd, Crymuch, UK) and body mass in normal clothing without shoes (Seca Model 880, Seca, UK). Body fat analysis was determined using bioelectrical impedance analysis (BIA) and body mass index (BMI) was calculated [BMI = body mass (kg)·height −2 (m)]. Participants were familiarised for all testing procedures with the exception of downhill treadmill walking. This included the Rockport Fitness Walking Test (RFWT, see details below) and treadmill walking (Woodway Ergo ELG 70, Cranlea & Co., Birmingham, UK; HP Cosmos Pulsar, Bodycare products, Warwicks, UK). During the second preliminary session, baseline predicted maximum oxygen uptake was determined using the RFWT, wearing a portable metabolic system (Cosmed K4b 2 , Cosmed, Rome, Italy), and baseline self-selected walking speed (SSWS), on a level treadmill gradient, was determined for each individual. SSWS was a speed that the participants perceived to be able to maintain for 30-minutes. Participants were blinded to treadmill speed and duration. The starting speed was 2.5 km·hr −1 with an increase of 0.3 km·hr −1 every 30-seconds by the tester until the participant indicated that the next increment in speed would be considered too fast [15] . Participants then maintained their selected speed for 10-minutes to ensure their perception that they had the ability to maintain this for 30-minutes. Participants repeated the RFWT, wearing the portable metabolic system following 4-, 8-and 12-weeks of the walking intervention, and SSWS was re-established after 4-and 8-weeks. Participant characteristics were similar between the LTW and DTW groups (P > 0.05; Table 1 ).
Aerobic Capacity
Aerobic capacity was assessed using the RFWT. A practice walk was administered to familiarise participants with the procedures, as walking time in older adults was found to be slower for the first walk compared to consecutive walks [16] . Participants were instructed to walk 1-mile at a fast constant pace, 28½ times around a wooden floored gymnasium (19 × 9 m) wearing a portable metabolic system. They walked alone with verbal encouragement from the investigator to maintain the fast constant pace. Stride frequency was monitored at regular 1-minute intervals (minutes 1 -2, 5 -6, 10 -11, 15 -16) to ensure pace was maintained throughout the 1-mile walk [17] . The RFWT uses body weight, age, time to complete 1-mile and final heart rate to predict 2 O max V  [16] and is a validated sub-maximal test for the prediction of 2 O max V  in adults 30 -79 years (Equation (1); [16] ). Heart rate was measured at the end of the RFWT using a Polar Heart Rate monitor (FS1, Polar UK). During completion of the RFWT, older adults wore the portable metabolic system to assess physiological and metabolic adaptations to the 12-week walking programme [minute ventilation ( )
, respiratory exchange ratio (RER) and heart rate (HR)]. The system was warmed up for 40-minutes prior to calibration as per the manufacturer's guidelines. Calibration involved 10 pumps of a 3L syringe into the Cosmed turbine for volume of expired air during ventilation, a room air calibration (20.93% O 2 and 0.03% CO 2 ) and a calibration with a standard gas mixture of O 2 (15.6%) and CO 2 (5.66%) (Linde Gas, UK). Gault et al. [17] demonstrated that wearing a portable metabolic system during the RFWT has no impact on performance of the 1-mile walk.
( ) 
where: WT, body mass in pounds; AGE, years; SEX, men = 1, women = 0; T, time in minutes and hundredths of a minute; HR, heart rate at the end of the 1-mile walk.
Exercise Intervention
All participants visited the laboratories for three 30-minute supervised walking sessions per week, at their SSWS, for up to 12-consecutive weeks and were requested to maintain their normal diet. The LTW and DTW group had a treadmill gradient of 0% and −10%, respectively. A gradient of -10% is the point at which minimum total body energy cost occurs for downhill walking [18] . SSWS for level treadmill walking was determined by each individual and re-assessed at 4-week intervals (DTW: weeks 1 -4, 4.54 ± 0.59 km·hr 
Data and Statistical Analysis
Data for E V  , 2 O V  , RER and HR was recorded on a breath-by-breath basis by the portable metabolic system, exported to Excel and the mean over the last 50% of the 1-mile walk calculated. Statistical analysis was undertaken using SPSS for Windows V16.0 (SPSS, Chicago, Illinois). Normal distribution of the data was tested using a Kolmogorov-Smirnov test. A two-way repeated measures analysis of variance (ANOVA) was used to examine the change from baseline values across time and between conditions (level walking vs. downhill walking) for all parameters. Due to three participants (one LTW and two DTW) stopping the programme after 4-weeks and further three after 8-weeks (two LTW and one DTW), there was missing data. Therefore, a method described by Little & Rubin [19] was used to correct for this, by replacing the missing data with the mean of each data set. When the two-way ANOVA showed a significant difference between conditions or over time preplanned t-tests, with Bonferroni corrections, were used to compare the change over time and values at each time point (P < 0.05). All data are presented as mean ± SD, significance was accepted at P < 0.05 and presented with degrees of freedom (df) and effect size (partial eta squared, η 2 ).
Results
One-Mile Walking Speed and Stride Frequency
Walking speed during the 1-mile walk showed a statistically significant main effect for time (F (2,39) = 28, P < 0.01, η 2 = 0.56) and no difference between walking groups (F (1, 22) = 0.12, P = 0.72, η 2 = 0.01). Baseline RFWT walking speed (LTW: 1.78 ± 0.17 m·s ) and 10 ± 7% for DTW (1.91 ± 0.20 m·s −1 (t (23) = −4, P < 0.01). Post-tests (12-weeks) showed a further increase of 4% in RFWT walking speed for both LTW and DTW (t (23) = -5, P < 0.01), an overall increase of 13 ± 6% for LTW (1.98 ± 0.18 m·s −1 ) and 14% ± 9% for DTW (2.03 ± 0.17 m·s ; t (23) = −10, P < 0.01). 03; non-significant due to Bonferroni correction). However, there was a decrease of 7% ± 4% and 9% ± 6% after 8-weeks of LTW (14.2 ± 1.4 mins) and DTW (14.1 ± 1.5 mins), respectively (t (23) = 5, P < 0.01). These times were reduced further following 12-weeks of treadmill walking with a decrease of 11% ± 5% from baseline for LTW (13.6 ± 1.2 mins) and 11% ± 7% for DTW (13.5 ± 1.4 mins), an additional 4% ± 3% and 3% ± 3% reduction in 1-mile walking time from 8-weeks (t (23) = 6, P < 0.01). Final RFWT heart rate data were similar between groups (LTW: 128 ± 18 b·min 
One-Mile Walking Time, Heart Rate and Predicted
Physiological and Metabolic Measurements
Physiological and metabolic data from the 1-mile RFWT ( Table 2) between treadmill walking groups (F (1, 16) = 0.06, P = 0.81, η 2 = 0.004), with a significant increase from baseline to post for LTW and DTW (F (1,16) = 19, P < 0.01, η 2 = 0.01). LTW participants reported a 40% ± 34% increase in E V  , with a 31% ± 30% increase for DTW. This was similar for heart rate during the latter half of the walk, a 15% ± 13% and 14 ± 16% increase from baseline to post for LTW and DTW treadmill walking groups, respectively (F (1,16) = 0.16, P < 0.01, η 2 = 0.50).
Discussion
The results of the current study indicate that treadmill walking-on a negative or neutral gradient-at a self-selected walking speed is at an intensity that improves walking and aerobic capacity of older adults. Furthermore, although eccentric endurance exercise, i.e. downhill treadmill walking, occurs with a significantly reduced cardiac load when compared to level treadmill walking [12] , they elicit similar improvements in aerobic capacity of older adults. Performance in the RFWT is often evaluated using walking speed and time to complete the walk [20] . Baseline 1-mile walking speed for men and women within the present study was 1.78 ± 0.21 m·s −1 (1-mile in 15.2 ± 1.8 minutes). Achieving a walking speed of 1.44 m·s −1 to 1.78 m·s −1 during the 1-mile walk demonstrates reasonable functional mobility for older adults and an indicator of independent living [20] . A normal walking speed of >1.2 m·s −1 is considered to be a sufficient walking speed allowing older adults to safely navigate a pedestrian crossing of approximately 8-feet [21] . Two of the current older adults achieved a walking speed of 1.39 m·s −1 during their baseline 1-mile walk, outside the range set by Bazzona et al. [20] , but above the threshold set by Asher et al. [21] . Thirteen participants had a walking speed greater than 1.78 m·s −1 at baseline, with one individual reaching a 1-mile walking speed of 2.19 m·s ), with a 9% decrease in time to complete one mile by 12-weeks (13.5 ± 1.3 minutes). These improvements in 1-mile walking speed and time following treadmill walking were extensively higher than the speeds achieved by participants in Bazzona et al. [20] . However, the improved 1-mile walking speeds of men and women are comparable to the maximal walking speeds of older men (60-years: 1.93 m·s ) over a distance of 25-feet [22] . An enhanced walking speed during the RFWT is accounted for by improved gait characteristics. An 8% increase in stride frequency was reported following 12-weeks of treadmill walking reflecting the increased walking speed.
Baseline predicted ; [23] ). This indicates, the women in particular, were aerobically unfit prior to participating in the study. Shephard [1] proposes the minimal required . However, this older female was living independently and reported no issues with activities of daily living as proposed by Shephard [1] , leading to a potential limitation of the predictive test used, or this individual may not have been fully familiar with the 1-mile walk test after one familiarisation walk [16] . Overall, participants were of a similar baseline aerobic fitness to those participants in Seals et al., (25.6 ± 4.6 mL·kg ) increase for older men. These increases in predicted 2 O max V  enhanced the aerobic fitness classifications of both men (good-excellent) and women (fair-good) [23] . The observed improvement in aerobic capacity of these older adults is estimated to be >1 MET increase (Men: 9-10 METs; Women: 6 -8 METs), which may translate into a 12% reduced risk of mortality [27] . These results allow us to reject the hypothesis as both LTW and DTW produced similar improvements in predicted 2 O max V  for older adults. It has been previously demonstrated that older adults require 25% less oxygen during DTW in comparison to LTW at the same self-selected speed [12] . This would suggest an insufficient intensity, as a percentage of 2 O max V  (37%, [12] ), to improve aerobic capacity in accordance with ACSM's guidelines [14] , but this was not the case, as both groups had similar improvements.
Such improvements in
are the results of adaptations across the cardiovascular, skeletal and respiratory systems [28] . An improved 2 O max V  for elderly adults is generally the result of an increase in muscle oxidative capacity [24] [29] . Skeletal muscle adaptations may cause such a change, augmented by an increased mitochondria, capillary density and muscle mass [24] . Twelve-weeks of cycling at 70%
by up to 6.0 mL·kg −1 ·min −1 for older adults (65 years) the result of a 128% increase in muscle oxidative capacity and a change in arteriovenous oxygen difference [29] . The current participants had approximately a 4 mL·kg −1 ·min −1 increase in 2 O max V  . Such changes are likely the results of skeletal muscle adaptations, particularly for the DTW participants, as the load was less on the cardiovascular system in DTW. And, many studies provide evidence that the age-related reduction in aerobic capacity may be attributed by the loss of muscle mass and the development of aerobic exercise prescriptions that enhance both muscle mass and aerobic capacity has important implications for older adults [30] .
Physiological measurements show that the 1-mile walk was completed quicker, without an increased heart rate at the end of the walk. This suggested beneficial cardiovascular adaptations, with aerobic conditioning resulting in proportionally lower heart rates at a given absolute exercise intensity [31] . However, mean HR over the latter half of the 1-mile walk was significantly higher after the walking programme. Additionally, oxygen consumption during the 1-mile walk remained unchanged from baseline to post. An improved economy during the 1-mile walk could be the result of an improved muscle oxidative capacity and changes in motor unit recruitment patterns [32] . This also reflected the suggestions earlier that an increased 2 O max V  in older adults was due to changes in arterio-venous oxygen difference [24] [29]. Minute ventilation ( ) E V  increased following 12-weeks of treadmill walking indicating an increase in tidal volume and respiratory frequency. This would reflect the increased intensity by which the 1-mile walk was completed i.e. decreased walking time. Although these respiratory adaptations occurred, it did not change oxygen utilization or any other metabolic or cardiovascular parameters. As oxygen consumption remained similar from baseline to 12-weeks and predicted 2 O max V  increased, we speculated that oxygen consumption during the 1-mile walk, as a percentage of predicted 2 O max V  would be decreased. But this was not the case as oxygen consumption remained between 60% -65% of predicted 2 O max V  from baseline to 12-weeks, and the explanation for this finding was not known. Some potential limitations of the study should be considered. The main limitations were the assessment of 2 O max V  using a predictive, sub-maximal test and the small subject numbers. In future, a maximal, symptom limited graded exercise test may be used. However, due to the population group being assessed in the current study, a sub-maximal test was an appropriate and convenient method. Additionally, a sedentary control group was not used to assess the effects of the intervention. This study design was utilized based on the suggestions of Booth and Lees [33] ; they suggested that a physically active control group could be used as opposed to a sedentary control, because a healthy, physically active group of participants were at a reduced risk of illness, and physical inactivity was already well-known to be a major cause of disease and lower level of functional capacity. Therefore, future research might investigate the changes in using a treadmill based test, specific to the intervention utilized, but also a more frail elderly population group, and match intensity of the exercise interventions for LTW and DTW.
In conclusion, the results of this study demonstrated that a treadmill walking programme at a self-selected walking speed could improve 1-mile walk performance and aerobic capacity. Additionally, both LTW and DTW elicited similar aerobic adaptations following 8-and 12-weeks of walking for 30-minutes 3× per week, even though DTW was at a lower cardiovascular load [12] . This enabled us to accept the hypothesis that both concentric and eccentric endurance exercises at self-selected intensity provided similar improvement in aerobic capacity. Such results could prove valuable for not only older adults, but also individuals recovering from cardiovascular complications. An exercise programme at a self-selected intensity and a reduced cardiovascular load could not only enhance aerobic fitness but also have a positive effect on functional independence for such individuals.
